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Common bean is one of the most cultivated and consumed grain legumes worldwide, 
showing a high level of genetic diversity. Here is presented a detailed review of 
development and mapping of simple sequence repeats (SSRs, microsatellite 
markers) in the common bean. In the last 25 years, common bean has been the 
subject of numerous genetic studies, in which the identification and use of SSRs 
were conducted, and lead to the development of genetic maps. First genetic maps of 
common bean have been developed in the 1990s and were based on different 
molecular markers, and included domestication genes and important agronomic 
traits. Later, SSRs allowed the genetic mapping of more narrow crosses that are 
often of interest in plant breeding. Most genetic maps have been correlated with the 
core map established in the recombinant inbred population BAT93 x Jalo EEP558, 
and includes different markers, RFLP (restriction fragment length polymorphism), 
RAPD (random amplified polymorphic DNA), AFLP (amplified fragment length 
polymorphism), and SSRs in particular. More than 2,000 SSR markers are available 
for the common bean and they are an important tool to evaluate the genetic diversity 
of common bean landraces. SSRs are also useful to evaluate intra-specific diversity 
within the genus Phaseolus. 
 





Journal of Central European Agriculture, 2017, 18(4), p.902-917 DOI: 10.5513/JCEA01/18.4.1983
Sažetak 
Grah je jedna od najviše uzgajanih i najviše korištenih zrnatih mahunarki u svijetu 
koja ima visoku razinu genetske raznolikosti. U ovom radu je prikazan detaljan 
pregled razvoja i kartiranja mikrosatelitnih biljega (SSR, ponavljajuće jednostavne 
sekvence) kod graha. U posljednjih 25 godina, grah je bio predmetom brojnih 
genetskih istraživanja u kojima je provedena identifikacija i upotreba SSR-ova što    
je dovelo do razvoja genetskih karata. Prve genetske karte graha su razvijene u 
1990-ima i bile su bazirane na različitim molekularnim biljezima, a uključivale su gene 
koji su povezani uz udomaćenje i važna agronomska svojstva. Kasnije su SSR-ovi 
omogućili genetsko kartiranje križanaca koji su često od interesa u oplemenjivanju 
bilja. Većina genetskih karata povezana je s osnovnom genetskom kartom 
uspostavljenom na rekombinantnoj inbred liniji BAT93 x Jalo EEP558, koja uključuje 
različite biljege kao što su RFLP (polimorfizam dužine restrikcijskih ulomaka), RAPD 
(nasumično umnožena polimorfna DNA), AFLP (polimorfizam dužine umnoženih 
ulomaka) te SSR-ove. Više od 2 000 SSR biljega je dostupno za grah i oni su važan 
alat za procjenu genetske raznolikosti tradicijskih kultivara graha. SSR-ovi su također 
korisni za procjenu unutarvrsne raznolikosti unutar roda Phaseolus. 
 
Ključne riječi: grah, genetska raznolikost, genetske karte, mikrosatelitni biljezi 
 
Introduction 
Common bean (Phaseolus vulgaris L.) is one of the most agriculturally and 
economically important crops in human consumption with very good nutritional 
content (Fetahu et al., 2014). It is a morphologically diverse crop distributed 
worldwide and cultivated in the tropical, subtropical and temperate zones (Gaitán-
Solís et al., 2002). From a genomic perspective, common bean has a small genome 
(580 Mbp/haploid genome) that is distributed among 22 chromosomes (n=11) (Gepts 
et al., 2008), and a low index of genome duplication (most loci are single copy 
making common bean a suitable experimental organism) (Müller et al., 2014). 
Mendel, Sax, and Johannsen used common bean in 19th and 20th centuries to derive 
important principles in genetics (Gepts, 2001). Moreover, genetic and archaeological 
studies have shown two independent centres of domestication: Mesoamerican 
(distributed from northern Mexico to Colombia) and Andean (distributed from 
southern Peru to north-western Argentina) (Gepts et al., 1986). Evidence supporting 
common bean organization into two major domesticated gene pools were based on 
morphological and agronomical traits (Singh, 1989; Gepts and Debouck, 1991; Singh 
et al., 1991), phaseolin type (Gepts et al., 1986; Gepts and Bliss, 1988; Koenig et al., 
1990), allozymes (Koenig and Gepts, 1989), a number of molecular markers 
(Becerra Velasquez and Gepts, 1994; Freyre et al., 1996; Papa and Gepts, 2003; 
Díaz and Blair, 2006; Blair et al., 2006b, 2007; Kwak and Gepts, 2009; Angioi et al., 
2010), and DNA sequences (Bitocchi et al., 2013). Other secondary centres of 
diversity are found in Africa, Asia, Europe and parts of South America (Gepts and 
Debouck, 1991). 
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In the last 25 years, significant progress has been made to understand the common 
bean genome. Common bean has been subject of multiple genomic studies, 
beginning with development of genetic maps by integrating different classes of 
molecular markers, identification of multiple quantitative traits loci (QTL), and 
identification and use of molecular markers that cosegregate with genes conferring 
resistance to pests and diseases that affect the crop (Kole, 2011). 
 
Molecular markers and genetic mapping 
Molecular markers are particularly useful because they can reveal differences 
between individuals of the same or different species and have been used to tag 
genes of economic importance in many crop species and as a valuable source of 
information about the genetic structure. Based on the method of their detection, DNA 
markers are divided into three classes: (1) hybridization-based; (2) polymerase chain 
reaction (PCR)-based and (3) DNA sequence-based (Collard et al., 2005). In 
agricultural research, one of the main uses of DNA markers was in construction of 
linkage maps (Collard et al., 2005). 
In Europe, many landraces of common bean, together with old and modern cultivars 
are preserved in gene banks and they have been evaluated in many studies using 
different molecular markers (Maras et al., 2013). Molecular markers are an important 
tool to describe and determine genetic diversity among common beans (Müller et al., 
2014). Among the first molecular markers that were used in genetic maps for 
common bean were isozymes and seed proteins (Pathania et al., 2014) then, 
allozymes, RFLPs (restriction fragment length polymorphism), RAPDs (random 
amplified polymorphic DNA), AFLPs (amplified fragment length polymorphism) 
(McClean et al., 2004). Later, development of microsatellite markers simplifies the 
gaining of a large quantity of genetic information of relevance for genotype 
identification and therefore provides an opportunity to characterize germplasm 
collections. Nowadays, the most abundant sources of DNA variations suitable for 
marker development are simple sequence repeats (SSRs, microsatellite markers) 
and single nucleotide polymorphism (SNP); they require little DNA and can be 
automated for high-throughput analysis (Hamblin et al., 2007). 
SSRs are repeating DNA sequences composed of 1 - 6 nucleotides that occur in all 
prokaryotic and eukaryotic genomes (Field and Willis, 1996; Tóth et al., 2000). They 
are characterized by their codominant transmission (the heterozygotes can be 
distinguished from homozygotes), wide genomic distribution, high polymorphism, 
hypervariable, and informative nature, providing considerable pattern, relative 
abundance with uniform genome coverage, higher mutation rate than standard, and 
easy sample preparation (Abdul-Muneer, 2014; Senan et al., 2014). Di-, tri- and 
tetranucleotide repeats are the most frequently used in molecular genetic studies 
(Selkoe and Toonen, 2006). Based on their location in the genome, microsatellites 
can be classified as nuclear (nuSSR), mitochondrial (mtSSR) or chloroplastic SSRs 
(cpSSR) (Kalia et al., 2011).  
Usually, SSR loci were isolated from partial genomic libraries of the species of 
interest. According to Zane et al. (2002), although this method is relatively simple, 
especially for SSR rich genomes, it can turn out to be extremely inefficient for 
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species with low microsatellite frequencies. With the advancement in genomics, 
availability of new molecular tools and sequencing platforms for exploring genomic 
information, several alternative strategies were devised to reduce the time invested in 
microsatellite isolation and to significantly increase the yield of microsatellite loci. 
Microsatellites can be developed through enriched/non-enriched small insert 
genomic library construction, by utilizing the products generated by other molecular 
markers or by the application of next-generation sequencing systems (gSSRs), from 
EST sequences (expressed sequence tag) (genic or EST–SSRs), through 
interspecific or intergeneric transferability (Kalia et al., 2011; Senan et al., 2014). 
A growing number of SSR markers are available for the common bean making it 
possible to implement studies like assessment genetic diversity and population 
structure in the cultivated and wild germplasm as well as genetic mapping 
experiments with an emphasis on the identification of QTLs (Müller et al., 2014). 
SSRs have also been used to evaluate intra-specific diversity within the Phaseolus 
genus (Gaitán-Solís et al., 2002). 
 
Genetic mapping of common bean before 1999 
Genetic maps are important for common bean because a gene related to an 
economically important trait or diseases like powdery mildew (Pérez-Vega et al., 
2013) or anthracnose (Rodríguez-Suárez et al., 2007, 2008; Campa et al., 2009) can 
be located on the map, which leads to finding the precise chromosomal location. 
For genetic mapping in common bean, a large number of markers are in use (Gepts 
et al., 2008). Genetic mapping of common bean started in the 1990s and included 
domestication genes and important agronomic traits, and was based on different 
molecular marker classes (Grisi et al., 2007). Vallejos et al. (1992) were among the 
first who developed a molecular linkage map of common bean based mostly on RFLP 
markers. Linkage map was constructed using a backcross progeny between 
Mesoamerican breeding line XR-235-1-1 and Andean cultivar ‘Calima’. They 
developed backcross (BC1) population (Florida map) (Miklas and Singh, 2007). Later, 
Nodari et al. (1993a, b) developed a low-density genetic map (Davis map) which 
included RFLPs, RAPDs, isozymes, and morphoagronomic traits, including one virus 
resistance gene. This map was developed based on F2 mapping population derived 
from the wide cross between BAT93 of the Mesoamerican and Jalo EEP558 of 
Andean gene pool, nominated as BJ population. Adam-Blondon et al. (1994) 
established genetic map (Paris map) by using a backcross population (BC1) derived 
from a cross between two European bean genotypes: Ms8E02 and Corel, also based 
on RFLP and RAPD markers. Freyre et al. (1998) constructed an integrated linkage 
map to align Davis, Florida and Paris maps. A core linkage map was established in 
the recombinant inbred population BAT93 x Jalo EEP558 (BJ). The resulting 
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Development and mapping of microsatellite markers in common bean 
after 1999 
Use of markers, especially highly polymorphic such as SSRs, allows the genetic 
mapping of more narrow crosses that are often of interest in plant breeding (Gepts et 
al., 2008). 
For the first time, Yu et al. (1999) identified bean SSRs from searches on sequence 
databases and they have shown that: the frequency of microsatellite sequences in 
bean genome is quite high, some common bean microsatellite loci are multi-allelic, 
and they segregate as Mendelian traits in a segregating population. In the year 2000, 
Yu et al. generated a set of 37 SSRs and integrated, for the first time, 15 SSRs onto 
framework map based on RAPD and RFLP markers (BJ population). 
Métais et al. (2002) detected 81 alleles at the 15 microsatellite loci and a common 
bean genomic library enriched for SSR motifs (ATA)8, (CA)12, (CAC)8, and (GA)12 was 
constructed. They developed the first ATA microsatellites. Gaitán-Solís et al. (2002) 
obtained the first set of 68 SSRs derived from the GA enriched genomic libraries. 
Authors concluded that SSRs can be valuable genetic markers for assessing genetic 
diversity in common bean and useful for mapping and molecular characterization. 
Blair et al. (2003) have developed a set of genomic SSRs from enriched libraries of 
common bean DNA and have implemented gene-based SSRs from Yu et al. (1999, 
2000), and from additional searches for SSRs in the Genbank sequence database. 
They integrated a total of 100 new microsatellite loci onto two genetic maps (78 on 
the DG population (DOR364 x G19833) and 22 on the BJ population) with AFLP, 
RAPD, and RFLP markers. These markers were used for evaluation of a broad range 
of diversity (Blair et al., 2006b) and for evaluating race structure (Díaz and Blair, 
2006; Blair et al., 2007).  
An additional series of 21 (GA)n SSRs using a highly microsatellite-enriched library 
which was described for the first time in common bean was isolated by Yaish and 
Pérez de la Vega (2003). Guerra-Sanz (2004) identified 20 sequences containing 
SSRs and designed primer pairs to amplify those SSRs to enlarge the number of 
SSR loci of common bean. These molecular markers have been used primarily to 
increase the density of current maps, especially the core linkage map established in 
the BJ population. 
Additional SSRs were needed, to increase their density on the linkage map. Melotto 
et al. (2004) obtained the first sequence contig from a BAC (bacterial artificial 
chromosome) clone in the common bean. Since then, Caixeta et al. (2005) 
developed 21 SSRs based on four BAC common bean clones. 
Melotto et al. (2005) identified potential 243 SSRs in common bean expressed 
sequence tags (ESTs) that can be readily tested for polymorphism and added to the 
bean map. 
Ramírez et al. (2005) sequenced a total of 21,026 ESTs derived from 5 different 
cDNA libraries (4 from the Mesoamerican cultivar Negro Jamapa and 1 from the 
Andean cultivar G19833) from various plant organs. They will be used in future 
researches because EST sequencing can be used to discover genic microsatellites 
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and direct screening of cDNA libraries for repeat motifs can save on overall 
sequencing costs (Blair et al., 2009a). 
According to Buso et al., in the year 2006, around 180 SSR markers were available 
for common bean and half of them obtained from gene sequences deposited in 
GenBank which were less informative than those obtained from enriched genomic 
libraries. They developed a total of 20 SSRs derived from genomic libraries, which 
were initially developed, and 10 were characterized using a panel of 85 
representative accessions of the common bean gene bank. After that, Blair et al. 
(2006a) used 80 SSRs to create a genetic map for the advanced backcross 
population. Ochoa et al. (2006) developed a new genetic map for the G2333 x 
G19839 population which represents one of the densest microsatellite-based 
molecular marker maps containing a total of 79 SSR loci integrated with 70 additional 
RAPD, SCAR (sequence characterized amplified region), and STS (sequence tagged 
site) loci as well as the genes Phs (biochemical marker phaseolin) and V 
(morphological marker flower color). In the year 2007, Grisi et al. described a new set 
of 61 polymorphic SSRs for common bean and constructed the first linkage map for 
the BJ population based exclusively on SSRs. 
Hanai et al. (2007) have developed a new set of SSRs based on EST and genomic 
sequences. A subset of 80 SSRs, 40 EST-SSRs, and 40 genomic-SSRs were 
evaluated for molecular polymorphism. The most frequent were AG, GAA, CAT, TGG 
motifs. Blair et al. (2008) developed 85 new SSRs, 71 were developed from an   
ATA-enriched library, 3 AT-rich SSRs from gene-based sequences and 11 were 
based on non-AT-rich sequences and were made for GA, CA or CAC motif loci. A 
total of 45 new loci could be mapped on the DG integrated map and this brings to 
over 160 mapped loci for common bean with the previous genetic mapping of SSRs 
conducted by Yu et al. (2000), Blair et al. (2003) and Grisi et al. (2007).  
Through a cDNA library screening approach, the number of gene-based SSRs was 
increased by a large-scale library developed from multiple source tissues of an 
Andean genepool genotype (Blair et al., 2009a). They designed a total of 248 SSR 
primer pairs from the positive cDNA clones from the G19833 cDNA library of Ramírez 
et al. (2005). The new markers were named as part of the BMc series (Bean 
Microsatellites based on cDNA). In the same year, Blair et al. (2009b) created 7 non-
enriched genomic libraries from common bean genomic DNA. Library quality was 
compared and three were selected for further analysis. They developed a total of 100 
SSR primer pairs from the non-enriched, small-insert libraries and 80 were tested for 
polymorphism in a standard parental survey. 
Córdoba et al. (2010) searched for SSRs in the 89,017 BAC-end sequences (BES) 
from the physical map and genetically mapped any polymorphic BES-SSRs onto the 
genetic map and they identified 875 SSRs. They integrated 99 new BMb markers into 
the genetic map with a high LOD score with the most common motifs AT/TA and 
ATA/TAT. The new genetic map had a total of 215 SSRs and included 116 previously 
mapped SSR loci from Blair et al. (2003, 2008). Hanai et al. (2010) developed a set 
of new 282 markers (50 EST-SSR, 32 RGA (resistance gene analogs), and 200 
AFLP) and a new, expanded version of the core linkage map, using the BJ 
population. They placed markers with putative known function in some existing gaps 
including regions with QTL for resistance to anthracnose and rust. 
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In the year 2011, a total of 3,123 EST sequences were screened by Blair et al. 
(2011) from leaf and root from the G19833 cDNA library of Ramírez et al. (2005) and 
used for direct simple sequence repeat discovery. They found 184 SSRs with tri-
nucleotide motifs in particular, many of which were GC-rich (ACC, AGC, and AGG) 
and provided a new set of 120 BMc markers which combined with the 248 previously 
developed by Blair et al. (2009a) brings the total in this series to 368 markers. The 
current total of gene-based markers from their laboratory surpasses 500 markers and 
they produced BM, BMa, BMb, BMc, BMd and BMe marker types. 
Garcia et al. (2011) also evaluated the libraries from Ramírez et al. (2005) and other 
ESTs from GenBank and developed a set of 377 EST-SSR markers, out of which 
302 showed good amplification quality and are available for genetic analysis of 
common bean. These EST-SSR markers were incorporated into BJ map. Authors 
concluded that these markers showed high rates of transferability, and thereby are 
suitable for use in other economically important legume species; that their genetic 
diversity was comparable with genomic SSRs, so they can be used in the genetic 
characterization of the common bean and related species.  
Blair and Hurtado (2013) have evaluated the large set of ESTs sequenced by 
Ramírez et al. (2005) for EST-SSRs using three bioinformatics pipelines to determine 
the best of the search types. These authors designed primers for a 175 SSRs 
concentrating on class I SSRs identified with SSR locator. In the year 2013, 
according to Blair and Hurtado, common bean had a total of over 700 EST-SSRs. 
Although a large number of SSR markers have been developed until the year 2014 
for common bean, many have been based on gene sequences and still are not 
perfectly distributed. Chen et al. (2014) concluded that it is necessary to develop new 
genomic SSR markers to fill some gaps in the genetic map. Therefore, they created 
abundant bean DNA sequences through the genome sequencing of a standard 
Chinese landrace (Hong Yundou), and developed 90 genomic-SSRs (BMg marker 
type) from these sequences with a 454-FLX pyro sequencer. They integrated 85 
primers into the common bean map. 454 pyrosequencing technique was used 
because it has the benefit of providing large amounts of sequence data at low cost, 
accurate results, high sensitivity, automated reads and no need for fluorescence-
labeled primers compared to other sequencing technologies. 
Considering that physical association with RGH (resistance-gene homologue) can 
identify SSRs clones on large-insert DNA clones such as BACs, Garzon and Blair 
(2014) identified RGH-SSR in a BAC library from the Andean genotype G19833. 
They developed a total of 629 RGH-SSRs named BMr (bean microsatellite RGH-
associated markers), and integrated a total of 264 markers into a genetic map, 
among which were 80 RGH loci anchored to single-copy RFLP and SSR markers. 
According to Müller et al. (2014), in the year 2014 more than 2000 SSR markers 
derived from genomic sequences and genes are available for the common bean. 
Most of the analysed accessions of common bean share common ancestors so they 
have high rates of genetic similarity (Chiorato et al., 2007). Along with other 
advantages, SSRs are very useful because data from SSR analysis can be 
reproducible between laboratories and suitable for comparisons between studies and 
germplasm sets (Blair et al., 2012). In recent years, to characterize common bean 
genetic diversity, population structure and determination of evolutionary origin 
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numerous studies have been carried out based on SSRs (Blair et al., 2006b; Díaz 
and Blair, 2006; Asfaw et al., 2009; Blair et al. 2009c; Kwak and Gepts, 2009; Angioi 
et al., 2010; Lobo Burle et al., 2010; Cabral et al., 2011; Khaidizar et al., 2012; 
McClean et al., 2012; Gioia et al., 2013; Okii et al., 2014; Carović-Stanko et al., 2017; 
Leitão et al., 2017). 
 
Conclusion 
Molecular markers are an important tool to describe and determine genetic diversity 
among common beans. Some of their advantages are: (1) they can reveal 
differences between individuals of the same or different species; (2) are used to tag 
genes of economic importance; (3) are a valuable source of information about the 
genetic structure; and (4) are used in construction of linkage maps.  
For genetic mapping in common bean, many different markers are in use, SSRs in 
particular. Genetic maps are important for common bean because a gene related to 
an economically important trait or diseases can be located on the map, which leads 
to finding the precise chromosomal location. Microsatellite analyses are useful to 
characterize genetic diversity, population structure and origin of common bean. 
For common bean, SSR markers have been derived from GenBank sequences, 
through SSR-enriched libraries by various SSR capture techniques including bead- 
or membrane-bound oligonucleotides, through bacterial artificial chromosome (BAC) 
sequences, then screening of EST collections or gene sequences and then cDNA 
libraries. 
EST-SSR markers have high rates of transferability so they are suitable for use in 
other economically important legume species. Also, their genetic diversity is 
comparable with genomic SSRs and they can be used in the genetic characterization 
of the common bean and related species.  
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